A new ent-kaurane type diterpene glucoside, pulicarside (1), together with three known terpenoids, paniculoside IV (2, diterpene), ent-16, 17-dihydroxy-(-)kauran-19-oic acid (3, diterpene), and 2-hydroxy alantolactone (4, sesquiterpene) have been isolated from Pulicaria undulata L. Their structures were determined with the help of spectral studies. Pulicarside (1) showed glucosidase activator activity, whereas its hydrolyzed product ent-16, 17-dihydroxy-(-)-kauran-19-oic acid (3) exhibited strong glucosidase inhibitory activity. Paniculoside IV (2) also shows high inhibitory potency compared with the standard drug acarbose.
Pulicaria undulata L. (herb) belongs to the family Asteraceae (Compositae), which is the largest family of flowering plants, comprised of about 11,000 genera and 20,000 species. Plants of this family are found in frigid, temperate subtropical and tropical zones of Africa and Asia [1] . The genus Pulicaria has eleven species, distributed in tropical and temperate regions of Pakistan [2] . Phytochemical investigations of plants of this genus have shown the presence of essential oils [3, 4] , sesquiterpenoids [5] , diterpenoids [6] , terpenoids [7, 8] , flavonoids [9, 10] , caryophyllenes and caryophyllane derivatives [11, 12] . The plants of this genus are used in traditional medicine as tonics, antispasmodics, hypoglycemics and substitutes for tea, as well as being ingredients of perfume [13] . The essential oils of Pulicaria species are used for their antimicrobial, antiradical and anticholinesterase activities [14, 15] . P. undulata is used to treat inflammation, and a potential cancer chemopreventive agent, "axilliarin", has been isolated from its aerial parts [16] . Aerial parts of P. undulata are also used as an antibacterial [17] . This paper deals with the isolation and characterization of a new ent-kaurane type diterpene glucoside, pulicarside (1), along with three known terpenoids, paniculoside IV (2), ent-16,17-dihydroxy-(-)-kauran-19-oic acid (3) [18] , and 2αhydroxy alantolactone (4) [19] .
Glycosidase enzymes play a crucial role in glycoprotein formation of different organisms [20] . Nowadays, several methods are being developed for stabilizing the immobilized carbohydratemetabolizing enzymes with an enzyme stabilizer on carriers. An abundance of supportive data are found on the patent database [21] .
-Glucosidase catalyzes the final step in the digestive process of carbohydrates. Its inhibitors can retard the uptake of dietary carbohydrates and suppress postprandial hyperglycemia, and could be useful to treat diabetic and /or obese patients [22] . -Glucosidase prompters may be of interest in cases of deficiency of this enzyme or in the hypoglycemic condition. -Glucosidase inhibitors are effective in lowering insulin release, insulin requirement, and some can lower plasma lipids. They have also been used as inhibitors of tumor metastasis, antiobesity drugs, fungistatic compounds, insect antifeedents, antivirals, and immune modulators [23] . Inhibition of -glucosidase causes abnormal functionality of glycoproteins because of the incomplete modification of glycans. Suppression of this process is the basis of antiviral activity and decrease in the growth rate of tumors [24] .
Pulicarside (1) was obtained as a white amorphous powder. The absorption band in the IR spectrum at 1727 cm -1 showed a carbonyl function in the molecule. The positive FAB mass spectrum showed a quasimolecular ion peak at m/z 539 [M+H] + and its molecular formula (C 29 H 46 O 9 ) was deduced from 13 C NMR and mass spectral data. The 13 C NMR spectrum showed 29 carbons, which were resolved through DEPT experiment into four methyls, eleven methylenes, eight methines and six quaternary carbons. Out of 29 carbons, 20 were attributed to the diterpene skeleton, 6 to a hexose and three to an acetonoyl moiety. Five characteristic oxygenated methines and a methylene at  95.6 (5.40, H-anomeric), 74.1, 78.72, 71.1, 78.74, and 62.4, respectively, indicated a hexose unit in the molecule. The correlation in the HMBC spectrum between an anomeric proton and a carbonyl carbon ( 178.3) showed that the glycone was connected to the aglycone through an ester function. The signals for hexose were consistent with β-Dglucose [23] . Four singlets, each of 3-protons integration, were present at 0.96, 1.21, 1.30, and 1.34 in the 1 H NMR spectrum. Their associated carbon signals in the 13 C NMR spectrum at  16.6, 29.0, 27.0, and 27.2, respectively revealed the presence of four tertmethyls, out of which two were related to a diterpene skeleton, and another two were of an acetonyl moiety. After assigning the 1 H and 13 C NMR chemical shifts (Table 1) with the help of HMQC, HMBC and COSY spectra (Figure 1 ), the structure of pulicarside (1) was elucidated as β-D-glucopyranosyl-ent-16,17-acetonyl-(-)-kauran-19-oate. Acetone was not used throughout the extraction and isolation procedure, which ruled out the possibility of an artifact. As a result of acidic hydrolysis of 1, a glucoside without the acetonyl moiety was obtained, having identical NMR data with paniculoside IV [25] . Basic hydrolysis of 1 produced an aglycone whose data were similar to those reported for ent-16,17-acetonyl-(-)-kauran-19-oic acid (3) [26, 27] .
Pulicarside (1) showed a very interesting behavior towards the glucosidase enzyme. At all the concentrations and time intervals, it activated the enzymatic activity towards the substrate, as compared with the negative control. Apparently, it provides the stability to the enzyme to react with the substrate which is not observed in the negative control in the absence of compound 1. This interesting phenomenon made us work on its aglycone part, which ironically showed promising -glucosidase inhibitory activity (Table 2 .
It was clearly demonstrated that both the acetonide ring and sugar molecule are necessary for the enzyme activation by pulicarside (1) . When the acetonide ring is missing, as is the case of paniculoside IV (2), an inhibitory effect was obtained, and when the sugar molecule is replaced by the COO-group, as in the case of 3 ent-16, 17-dihydroxy-(-)-kauran-19-oic acid (3), the compound also showed a promising inhibitory activity against the enzyme. So the COO-group is playing a crucial role for the inhibitory effect on the enzyme, and the sugar molecule and acetonide ring are responsible for the activation of the enzyme. 
Extraction and purification:
The shade-dried ground plant material (whole plant) (30 kg) was exhaustively extracted with methanol at room temperature. The extract was evaporated to yield the 753 g residue, which was dissolved in water and partitioned with n-hexane, chloroform, ethyl acetate and n-butanol. The ethyl acetate soluble extract (182 g) was subjected to CC (silica gel, nhexane/CHCl 3 mixtures of increasing polarity, CHCl 3 
Acidic hydrolysis of 1:
Compound 1 (5 mg) was refluxed with 0.5 N HCl (10 mL) for 2 h. After neutralization with NH 4 OH, it was extracted with n-butanol. The n-butanol fraction was evaporated under reduced pressure to give paniculoside IV ( 1 H NMR data identical to that in [23] ).
Basic hydrolysis of 1:
Compound 1 (5 mg) was refluxed with 5% aqueous KOH solution (10 mL) for 2 h. The mixture was then neutralized with dilute HCl solution and extracted with n-butanol (3 × 6 mL). The combined n-butanol fractions were evaporated to give a compound having similar 1 H NMR spectroscopic data as that reported for ent-16,17-acetonyl-(-)-kauran-19-oic acid (3) [24] . The aqueous layer was evaporated under reduced pressure and analyzed for sugar by co-TLC comparison with an authentic sample.
